Charge density wave (CDW), the periodic modulation of the electronic charge density, will open a gap on the Fermi surface that commonly leads to decreased or vanishing conductivity. On the other hand superconductivity, a commonly believed competing order, features a Fermi surface gap that results in infinite conductivity. Here we report that superconductivity emerges upon Se doping in CDW conductor ZrTe 3 when the long range CDW order is gradually suppressed. Correspondence and requests for materials should be addressed to Y.H.Z (zhangyh@hmfl.ac.cn) and C.P. (petrovic@bnl.gov).
1
Charge density wave (CDW) and superconductivity (SC), both Fermi surface instabilities and low-temperature collective orders in solids, are commonly believed to compete with each other 1, 2 . Recently, dynamic CDW fluctuations have also been discussed in copper oxide superconductors 3 in connection with quantum critical transition between CDW and superconductivity. CDW favors low dimensional systems, especially transition metal (M) MX 2 and MX 3 chalcogenides (X represents S, Se and Te) 1, 4 . Among them, ZrTe 3 is of interest since its crystal structure (Fig. 1a) is quasi-two dimensional (2D), yet it contains two quasi-one dimensional (1D) trigonal prismatic ZrTe 6 chains with inversion symmetry along the b-axis 5 . From the view along c-axis (Fig. 1b) ) but also a nearly isotropic in-plane and quasi-two-dimensional (2D) electronic transport 5, 7, 8 . There is a filamentary SC in a stoichiometric single crystal with higher onset of T c for a-axis from resistivity measurement than for b-axis 5, 9 . Heat capacity data suggest that SC transitions in ZrTe 3 are successive from filamentary-to-bulk with local pair fluctuations above T c ; SC phase first condenses into filaments along a-axis, becoming phase coherent below 2 K 9 . Pressure(P ), intercalation, and disorder can tune ZrTe 3 into bulk SC with suppression of CDW order 10-12 .
Here we provide evidence for the pronounced upper critical field H c2 (T ) anisotropy and emerging 1D electronic transport along the ZrTe 6 chain-direction b axis in ZrTe 3−x Se x (0 ≤x ≤ 0.1). The H c2 (T ) anisotropy and new Raman modes suggest coexistence of local CDW modes and enhanced superconducting T c (x) in ZrTe 3−x Se x . The ρ a and ρ b are almost identical to each other in ZrTe 3 (x = 0), however with increasing
RESULTS
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Se content x, room temperature ρ a tends to increase, while ρ b tends to decrease [ Fig. 2(a) ].
This indicates that ZrTe 3−x Se x becomes highly conducting along b-axis in the normal state.
If ZrTe 3−x Se x is an anisotropic superconductor with dominant quasi-1D (super)conductivity along the b-axis, upper critical field along b axis (H c2 b) should be larger than H c2 a, according to the single band anisotropic Ginzburg-Landau theory since
To confirm this, we choose the ZrTe . This is in contrast to the b-axis quasi-1D conductivity in the normal state suggesting multiband effects and/or additional factors that can contribute to mass tensor anisotropy. The upward curvature of H c2 -T curves implies that the multiband effects should be considered.
The H C2 (T ) for the two-band BCS model with orbital pair breaking is 13 :
where Dominant intraband (interband) coupling is obtained for W > 0 (W < 0). The fits to the multiband model using λ i,j i, j = 1, 2 in Table I at the room temperature and indeed, the 300 K spectra nearly overlap with each other.
As expected, the Raman spectrum of ZrTe 3 measured at 5K is different from the one measured at 300K. 
